It is well known that the nutritive value of poor quality proteins is improved by the addition of the limiting amino acids. However, if safe and effective supplementation of amino acids is not conducted, amino acid imbalance may occur, even with the use of a relatively small quantity, and various undesirable effects may appear. Harper et al. classified lesions by imbalanced amino acid into three types; imbalance, antagonism and toxicity. 1 Of these, lesions due to a diet containing excess amino acids are generally termed toxicity, and it is known that a decrease in food intake, growth suppression and various pathological changes are induced by excess amino acids. 1-10 However, there are many discrepancies among researchers in this field and consistent results have not been obtained.
olism but also for the accumulation of important and useful basic data for further progress of amino acid nutrition in the future, such as safe and effective amino acid supplements to food, preparation of amino acid infusion mixtures etc.
For the above reasons, the effect of excess amino acid in different cases must be examined in detail systematically, and at the same time measures for toxicity alleviation must be studied. 4, [11] [12] [13] [14] [15] [16] However, not only are there few systematic studies in this field but also nearly no systematic studies undertaken on pregnancy. 5, [17] [18] [19] [20] [21] We have already shown that various toxicities occurred when a diet containing excess Met was given to pregnant rats and we assumed that the majority of these toxicities were caused by the remarkable decrease in food intake. 22 On this occasion, therefore, we administered Val, Lys, Ile, Thr, Leu, Phe, Trp and Met individually to pregnant rats through a stomach tube for consecutive days in order to minimize the decrease in food intake. We then examined the influences of excess administration of individual amino acids on the growth of products of conception, especially on the fetal brain and liver.
Materials and methods
Female Sprague-Dawley rats, weighing approximately 150 g, were given a 20% casein diet (20% CA) until they weighed approximately 190 g. Then they were mated with male rats of the same strain. Smear tests were performed every morning and the day when sperm existed was termed as day 1 of pregnancy. We used cow's milk casein (Oriental Yeast, Tokyo, Japan) as the protein source of 20% CA. The other compositions were 44.3% α-corn starch, 22% sucrose, 5% corn oil, 5% mineral mixture (composition ( 
Experiment 1
A 20% casein diet was given ad libitum or restricted to 5 g/day together with 250 or 450 mg/day of Met from day 1 of pregnancy ( Fig. 1) . Met was maintained at 45°C in an incubator after it had been heated and melted, and administered in 3 cc portions six times per day, 250 or 450 mg/day in all, once every 2 h starting from 0700. It was administered directly into the stomach using a stomach tube. The relationship of excess Met and food intake against maintenance of pregnancy was studied. For the control group, 0.9% physiological saline was administered in the same manner.
Experiment 2
During days 1-11 of pregnancy, a 20% casein diet was given ad libitum. The animals were divided into two groups on day 12 of pregnancy. One group was given a 20% casein diet to which 5% Met was added excessively. To the other group, besides a 20% casein diet, 210 mg/day Met was administered directly into the stomach during days 12-22 of pregnancy in the same manner as Experiment 1. For the control group, a 20% casein diet was given through the whole period. In this way, it was possible to examine whether or not the decrease in food intake caused by excess Met intake was due to an amino acid imbalance in the plasma. 
Experiment 3
A 20% casein diet was given ad libitum from day 1 of pregnancy. From day 12 of pregnancy, 450 mg/day of Val, Lys, Ile, Thr, Leu, Phe, Trp or Met was administered in the same manner as Experiment 1. Furthermore, a protein free diet (PFD) was given to another group from day 12 of pregnancy to calculate net protein utilization (NPU). 3 The PFD was made by replacing 20% casein with 13% α-corn starch and 7% sucrose. The animals were housed in metabolic cages from day 12 of pregnancy and observed for nitrogen balance during the amino acid administration period. On day 22 of pregnancy the rats were killed and fetal growth, especially protein and nucleic acid contents in the brain and liver, was examined. For the control group, 0.9% physiological saline was administered in the same manner.
Protein content in tissues was measured using the Lowry method. 23 For other tissues, protein content was determined by multiplying nitrogen by 6.25 after determination by a semimicro Kjeldahl method. 24 RNA and DNA in the fetal brain and liver were measured spectrophotometrically. 25 
Statistical analysis
Results are expressed as mean ± SD. Significance of difference was calculated by Student's t-test. Values were considered significant when P < 0.05, P < 0.01 and P < 0.001. Table 1 includes data for maintenance of pregnancy and food intake during pregnancy (Experiment 1). Total food intakes of the unrestricted groups were 264 g, 231 g and 347 g for the 250 mg, 450 mg and control groups, respectively. Food intake decreased as levels of Met increased. The maintenance of pregnancy also decreased from 100% in the control group to 33 and 25% for the 250 mg and 450 mg groups, respectively. However, because food intake of the excess Met group was sufficient to maintain pregnancy when considering results of other experiments, it seems that this decrease in maintenance is due to the toxicity of Met. On the other hand, maintenance of pregnancy in the restricted group was 20% in the control group and 0% both in the 250 and 450 mg groups. The levels of excess Met at that time were 0.8, 5.8 and 9.8%, respectively. Therefore, these results show that maintenance of pregnancy is highly affected by maternal deprivation of both protein and energy; furthermore, when Met is in excess of more than 5%, maintenance of pregnancy becomes completely impossible due to the toxicity of Met. Table 2 and Figure 2 shows the food intake and amino acid pattern in plasma when excess Met was added to diet and when it was administered with a stomach tube directly during days 12-22 of pregnancy (Experiment 2). In order to establish the cause of decrease in food intake as a result of excess Met intake, the amino acid pattern in plasma was examined when excess Met was added to the diet and when it was administered with a stomach tube directly. In the former case, food intake decreased to 20% of that of the control group, while in the latter case food intake was 60% of that of the control group. With regard to light periods and dark periods, food intake of the tube-administered group and the control group in dark periods was twice as much as that in light periods, while food intake of the added-to-diet group in dark periods was only 1.3 times as much as that in light periods. As for the amino acid pattern in plasma at this time, in the tube-administered group the pattern was similar to that of the control group. However, in the added-to-diet group Met, glycine (Gly) and taurine (Tau) were significantly high and an imbalance of the amino acid pattern in plasma was observed. Table 3 shows food intake during days 12-22 of pregnancy (Experiment 3). A remarkable decrease in food intake appeared when individual amino acids were added to the diet excessively. 2, [5] [6] [7] 14 However, in the case of direct intragastric administration of individual amino acids, the decrease in food intake was almost completely prevented, except for Thr, Trp and Met. In addition, in the Thr, Trp and Met groups, the rats ingested 90, 88 and 44%, respectively, of the amounts of the control group, and significant improvement in food intake were observed when compared with the cases in which excess amino acid was added to the diet. Table 4 shows bodyweight gain and protein utilization (Experiment 3). The toxicity of excess amino acid during pregnancy was examined by maternal growth and the most severe growth suppression was observed in the excess Met group. The effect then became smaller, in order, in the Trp, Phe, Leu and Thr groups and slight growth suppression was observed. No growth suppression was observed in the Ile, Lys and Val groups. Secondly, the influence of excess amino acid upon protein utilization was examined. In the Met, Trp and Leu groups, NPU was significantly small when compared with 57 of the control group. As for the Met group, NPU decreased remarkably to 12 and an adverse effect to protein synthesis was suggested. Table 5 shows reproductive performances and fetal growth (Experiment 3). Concerning products of conception, the Met group weighed 39 g and the Phe group weighed 63 g, while the control group weighed 75 g. Thus, in both groups a significant decrease was observed but other groups were nearly equivalent to the control group. Secondly, with regard to the weight of the fetus and fetal brain and liver, significant decrease in the brain weight due to administration of excess amino acid was observed in all groups; in the Met group in particular, it was only 60% of normal weight. Table 6 shows nucleic acid and the protein contents in fetal liver and brain (Experiment 3). Commonly in all groups, a decrease in nucleic acid concentrations in fetal liver due to administration of excess amino acid was not observed and protein concentration in the Val, Ile, Leu and Met groups was higher than that of the control group, although in other groups there was no difference. Next, DNA content decreased in the Val, Lys, Ile and Met groups. The effect was remarkable in the Met group and both protein and nucleic acid contents were about one-half of those of the control group. However, an influence on the RNA : DNA ratio and the protein : DNA ratio from excess amino acid administration was not observed in all groups. The influences of excessively administered amino acid on protein and nucleic acid concentrations in the brain were hardly seen in all groups but as for the total contents of protein and nucleic acid, the significant decrease in protein content was observed in the Thr, Phe, Trp and Met groups. Secondly, DNA content decreased significantly to 0.96, 0.95, 0.84 and 0.71 mg in the Val, Thr, Leu and Met groups, respectively, against 1.08 mg for the control group. However, there was no influence from excess amino acid administration on the RNA : DNA ratio or the protein : NA ratio. Table 7 shows nitrogen balance during days 12-22 of pregnancy (Experiment 3). Nitrogen intake was significantly low in the Met group but in other groups it was almost the same as the control group or increased by approximately 400-700 mg. However, for tube-administered groups, 500-900 mg of nitrogen had already been contained in excess amino acid administered through a stomach tube; thus, real intake of nitrogen from the diet was equivalent to that of the control group or approximately 600 mg less. With regard to nitrogen excretions, more urinary nitrogen was excreted in all groups than in the control group by approximately 200-1000 mg, while fecal nitrogen decreased in the Met and Thr groups, with no difference being noted in other groups. Although nitrogen balance throughout the total period decreased significantly to -671 and 1599 mg in the Met and Trp groups against 2013 mg for the control group, a significant difference was not seen in other groups.
Results

Discussion
It is known that various lesions are caused by the effect of individual amino acids that are added to the diet excessively. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] However, it seems that most of these lesions are not caused by the direct effect of excess amino acid but mainly due to the remarkable decrease in food intake. 6 In order to examine a direct adverse effect by excess amino acid, therefore, it is preferable to carry out the experiments minimizing the decrease in food intake. Therefore, as we presumed that the decrease in food intake would be controlled to some extent if excess amino acid was administered directly with a stomach tube, we administered 210, 250 or 450 mg/day of essential amino acids individually, through a stomach tube. Consequently, except in the Met, Trp and Thr groups, there was no significant decrease in food intake, which was observed when excess amino acid was added to the diet.
Food intake of the Trp and Thr groups was 88 and 90% of that of the control group, respectively, and fair improvement was observed. However, the Met group ingested only 44% of the amount of the control group, which was a slight improvement as compared with the remarkable decrease to approximately 20-30% of the amount of the control group when added to the diet. 2, 5 When the effect of excess individual amino acids was examined under these conditions, the significant decrease in protein efficiency ratio (PER) and NPU was observed with severity in order of Met and Trp. It is also reflected in the growth of rats and the growth rate during the administration period of Met was -6%. Furthermore, nitrogen balances were significantly low in the Met and Trp groups. This was the case in the Met group, in particular, which showed a negative nitrogen balance of -671 mg; this corresponded to the change in bodyweight.
From the above results it might be predicted that, in the respective groups of Met and Trp, impediments to the utilization of dietary protein in the body and, further, acceleration of body protein decomposition occur simultaneously with the remarkable decrease in food intake. 22, 26 In the experiment examining the cause of the decrease in food intake, food intake when excess Met was administered with a stomach tube was three times as much as that when it was added to the diet, while in the dark periods it was 3.6 times as much. At this time the amino acid pattern in the plasma of the tube-administered group showed the same pattern as that of the control group but when excess Met was added to the diet, the values of Met, Gly and Tau were significantly high and an imbalance of the amino acid pattern in the plasma was seen.
Accordingly, the following can be presumed. Administering excess Met with a stomach tube causes, temporarily, something abnormal in the amino acid pattern in plasma but gradually it becomes normalized and food intake recovers. However, administering excess Met by adding to the diet always leads to abnormality of amino acid in plasma and suppresses food intake.
As to the relation of excess Met and food intake against maintenance of pregnancy in rats, food intake decreased as the levels of excess Met became high and at the same time the maintenance rate of pregnancy got low. Judging from these results and the report by Niiyama that approximately 80% of pregnant rats abort when energy intake is restricted to around one-third of that of the control group, it is thought that excess Met severely affects maintenance of pregnancy; when 450 mg/day Met is administered, energy intake is 66% of that of the control group. 27 However, 75% of pregnant rats abort. Excess Met seems to cause the decrease of the maintenance rate of pregnancy, nearly equivalent to the case that energy intake is restricted to approximately one-third of that of the control group.
With regard to the growth of products of conception, the first notable fact was that excess amino acid administration resulted in a significant decrease in the fetal brain weight in all groups, and especially in the Met group where it decreased to approximately 60% of normal weight. For other tissues, the growth was almost normal except in the Met group: in that group, though, both products of conception and the fetal liver were approximately 50% of those of the control group. We assume that such growth suppression of products of conception was mainly caused by the decrease in food intake rather than the direct toxic effect of Met. 6 However, when considering the findings that the maternal protein/energy malnutrition affects various fetal tissues through different pathways and that the fetal liver weight decreases correlatively with the fetal bodyweight while the fetal brain is protected during maternal protein/energy restriction, 28 as well as the fact that the weight and protein contents of the fetal brain significantly decreased in the Met group being, it is also possible that Met or its derivative directly inhibits protein synthesis in the fetal brain. 5 The size and number of cells in these tissues were checked with the protein : DNA ratio and the total DNA. The effect of excess amino acid on cell size was hardly seen, but as for the cell number, the significant decrease caused by excess Met administration was observed in both fetal liver and brain. Consequently, we presume that the decrease in cell numbers in the fetal liver and brain is mainly due to the state of protein/energy deficit induced by the decrease in food intake. This takes into consideration not only the report by Niiyama, which shows that the decrease in cell number occurs because DNA synthesis through both de novo and salvage pathways is inhibited if protein deficiency becomes severe, but also the data of our studies in which the direct effect of excess Met was observed, excluding the decrease in cell number due to the decrease in food intake by Met administration. 27 
